
Chapter 13
How the Soil Food Web Applies to Gardening

YOU NOW HAVE an appreciation of the many benefits a healthy, functioning
soil food web provides you as a gardener. Of course, what’s good for cut
flower field trials in California will be different from what’s ideal for row
crops in Georgia, but no matter your climate, whatever your soil type—
things will only improve when you put all those fungi, bacteria, protozoa,
nematodes, arthropods, and other members of the soil food web to work for
you, 24 hours a day, 7 days a week, to make yours a better yard and garden
and you a better gardener.

First, a fully active soil food web will have better nutrient retention in its
soils. The bodies of all its members hold (immobilize) materials that will
eventually be broken down into plant nutrients. Every time a fungus or
bacterium is consumed and digested by a protozoan or nematode, nutrients
are left behind in plant-available form. And since plants attract fungi and
bacteria to their rhizospheres, the nutrients they provide are in the right
location to be easily absorbed.

Next, a healthy soil food web results in improved soil structure, starting
with the efforts of bacteria that produce slime that binds the tiny individual
soil particles into larger aggregates. Fungal hyphae, worms, insects and
their larvae, and even small mammals travel through soil creating tunnels,
big and small. This results in soils that have the right porosity, resulting in
water retention and drainage as well as aeration, all necessary for healthy
plant growth.

Soil food webs provide defenses against disease and those whose
population growth and habits could throw the web out of kilter. Some
members of the soil food web act like police, hunting down and capturing
bad guys. Others act like doctors, dispensing vitamins and hormones. Fungi
and bacteria serve as barriers around plants, blocking the entry of
herbivores intent on getting to the plant roots, stems, or leaves; they also
compete for the nutrients, space, and even the oxygen the bad guys need to
survive.



Finally, soil food web organisms influence soil pH where it counts, right
in the rhizosphere, which determines what kind of nitrogen is prevalent,
nitrate or ammonium. A plant that attracts and receives its preferred form of
nitrogen will perform optimally. Soil microbiology can even take care of
pollutants, which is what lawn and garden chemicals really are, not to
mention the pollutants in the air and in some instances, the water. In a
healthy soil food web, there is something in the soil that eats almost
anything you can find in the soil, including lots of the stuff man deposits
there, purposely or inadvertently.

New rules

We have developed nineteen very simple rules to guide the gardener in
using the soil food web (see the appendix for a recap of the whole list).
Rule #1: some plants prefer soils dominated by fungi; others prefer soils
dominated by bacteria. Plants need nitrogen to produce amino acids; it is
crucial to plant growth and survival. This is why inorganic, soluble nitrogen
fertilizers do a great job growing plants even while they are detrimental to
the food webs. In water solution, these nitrates (NO3

-) are readily available
to plant roots, which pretty much act like sponges. As anions, they go into
water solution instead of attaching themselves to humus or clays as
positively charged cations would.

Two forms of nitrogen are available to plants when there is a healthy soil
food web, nitrates and ammonium (NH4); and—as in most things in life
when there is a choice—some plants prefer their nitrogen as nitrates while
others prefer ammonium.

When nematodes and protozoa consume fungi and bacteria, nitrogen is
released in ammonium form in the waste stream. Ammonium is quickly
oxidized or converted to nitrates by nitrogen-fixing bacteria when they are
present in sufficient numbers in the soil. This is almost always the case
when the soils are dominated by bacteria as compared to fungi because the
slime produced by soil bacteria has a pH above 7, the right environment for
nitrifying bacteria. In bacterially dominated soils, nitrifying bacteria
generally thrive.

Fungi foster lower pH numbers because they produce organic acids to
decay organic matter for nutrients. If there are enough fungal acids to offset
the bacterial slimes, the soil’s pH drops below 7, making the environment



acidic and therefore more and more unsuitable for most nitrifying bacteria.
More ammonium remains ammonium.

As a gardener you must appreciate that the plants in your backyard are
not exceptions to Rule #1. The soluble nitrogen fertilizers you use not only
suck the life out of the microbes in the soil food web, but they may not even
be the best type of fertilizer for the plants you seek to grow. Usually, plants
can survive utilizing even the less preferred form; however, most plants do
better with one form of nitrogen over the other.

Who wants what?

The answer to what any given plant prefers is found in the next two soil
food web gardening rules. Rule #2 holds that most vegetables, annuals, and
grasses prefer their nitrogen in nitrate form and do best in bacterially
dominated soils. Rule #3 points out that most trees, shrubs, and perennials
prefer their nitrogen in ammonium form and do best in fungally dominated
soils.

These two general rules take the guesswork out of what could have been
one of the most difficult things about starting to garden with the soil food
web. The rules make it easy to figure out what likes what, but once you
understand what is behind them, you will appreciate them even more.

Early succession communities are bacterially dominated. As more and
more organic litter accumulates in the waste products from these organisms
and the plant life they support, fungal spores finally have enough nutrients
at hand to germinate. With a place to take hold and the resources to support
themselves, the resulting fungi thrive.

Many other factors are involved, but to stick to what concerns us: as
plant life and the soil food web become more varied, fungal numbers
increase and more short-lived plants like annuals give way to more
permanent, perennial grassland plants. More organic matter is produced,
providing food for ever-increasing fungal populations. Shrubs move in,
followed by soft hardwoods, expanding saplings, mature hardwoods, and
finally the kinds of conifers you find in old growth forests. All the while,
fungal biomass grows in proportion to bacteria, which cannot possibly
compete because they are limited to digesting simple sugars and other
carbohydrates—which are in limited supply given the ever-increasing mass
of more complicated plants full of lignin and cellulose.



Plant succession, from the weeds on bare soil to old growth forest. Courtesy Tom Hoffman Graphic
Design.

Moving from the beach, so to speak, to grasslands to old growth
conifers, fungal dominance increases in the soil each step of the way. Part
of this increase is explained by the tentative nature of early plant life. It is
hard to form mycorrhizal relationships with plant roots when the plant dies
after only a short period of time. You might as well live on your own as
there is no advantage to a partnership.

It appears there is almost the same number of bacteria—100 million to 1
billion—in a teaspoon of garden soil, prairie soil, or forest soil. The
difference in dominance of fungi over bacteria generally has everything to
do with the increase in fungal biomass, not a decrease in bacterial biomass.
Plants that would normally grow near the “beach side” of the continuum
prefer bacterially dominated garden or yard soils and those that grow
toward the other end, the old-growth-forest side, do best in fungally
dominated soils. The transition occurs in the prairie plants, which like a
balance between the two. This is analogous to your lawn grass, incidentally.

Another way to figure out what kind of nitrogen a given plant will prefer
is to consider how long it lives. If it is only going to be in the ground for a
season, as are vegetables and annuals, then you know the preferred form of
nitrogen is nitrate. Anything in the ground for a year or more is usually
going to prefer greater amounts of ammonium. This makes sense as well.
Remember, bacteria numbers stay pretty much the same in all growing
environments: it is the increase in fungal biomass that changes the ratio.
Fungi are very fragile organisms and take time to grow. If they are



mycorrhizal fungi, which many soil fungi are, then they have to have a live
root with which to associate. The longer that root is alive, the longer the
mycorrhizal fungi will be, so to speak. (It might not be longer, but rather
may have more branches.) And finally, the litter from plants that live a
season or so generally doesn’t have the lignin and cellulose that are good
fungal food sources. It is full of cellulose almost exclusively, which bacteria
like. Bacteria reign.

Microbial populations (counts of bacteria and protozoa; lengths of fungal hyphae) in a teaspoon of
various soils. Courtesy Tom Hoffman Graphic Design.

Fungal to bacterial biomass

For some of the specific garden plants you might encounter, the preferred
fungal to bacterial biomass (F:B ratio) has been observed and measured. To
match these, you can increase fungi by providing fungal foods or foster
bacteria by providing bacterial foods; subsequent chapters will explain just
how (or see the appendix for a summary of specifics on ways to accomplish
this).

If you are a vegetable gardener, you need to aim for a biomass that has
slightly more bacteria than fungi. More specifically, carrots, lettuce,
broccoli, and cole crops prefer an F:B of 0.3:1 to 0.8:1; tomatoes, corn,
wheat go for an F:B of 0.8:1 to 1:1. Lawns prefer an F:B ratio of 0.5:1 to
1:1. Agricultural testing labs will test your soil and provide you with an F:B
ratio.

Trees require a higher F:B ratio. Forest soils, in which many of our
landscape trees and shrubs originated, have a biomass of fungi over 100
times the biomass of bacteria. Conifers require the most fungally dominated
soils with an F:B of 50:1 to 1000:1. Maples, oaks, and poplars require fewer
fungi, an F:B of 10:1 to 100:1. Orchard specimens do best in soils with an
F:B of 10:1 to 50:1; and some trees (alder, beech, aspen, cottonwood, and
others that originate from riparian ecosystems) actually do best in
bacterially dominated soils when they are young and fungally dominated
soils (an F:B of 5:1 to 100:1) when mature.



Those of you who enjoy flowers will want to know that most annuals
prefer bacterially dominated soils, while most perennials prefer fungally
dominated soils. Again, the length of time a plant lives influences the rules.

Shrubs generally prefer a higher fungal dominance than perennials (they
are long-lived, so this follows our rule). Those native to conifer forests as
opposed to deciduous forests require high F:B ratios; rhododendrons, for
example, require very strong fungal dominance, while a cotoneaster or lilac
requires less.

There are more rules to come—but don’t forget Rules 2 and 3, because
the management of nitrogen is fundamental to success in the yard and
garden.


